Structuring distributed applications as fragmented objects by Makpangou, Mesaac et al.
HAL Id: inria-00075156
https://hal.inria.fr/inria-00075156
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Structuring distributed applications as fragmented
objects
Mesaac Makpangou, Jean-Pierre Le Narzul, Marc Shapiro, Yvon Gourhant
To cite this version:
Mesaac Makpangou, Jean-Pierre Le Narzul, Marc Shapiro, Yvon Gourhant. Structuring distributed






& '(#) * !+,-./
 	
0 !+ 213
45 !+$ 678/  *










 =A D COABD7> DK@(> <=@	
 ADG3> GK;A >i> QD G3A !~D"$#"
GLH?;%JD & "('/H=D @)?C*+ G, <
=D4C-.QDF> .BG,=@ D/,0;?CD1< >2ODgA H=D3
%< D4(DAL;4A	 >
>%50=H#"HJDK@	67 DD4_Gp>?G3D <=A 8"
9iD*<=@ ><?>OD:
.OABD4;"C#;H
#"H67 D4D;0OAB@	?GpA	=@BD4C#;<=<=@B>;GIH<0 GK; D C= @L;%#%DA D4C
>  QD4G3A?,"P@= @L;#%DA D C >  QD4G3A3';C*QA @	
 =ABD4COH?;4@ D4C > QD4G3A"3AB DA 3OD Dr;
5~@L;#%D4EABD4C(> QD G3A.;0;]>"@ C*?;4@	#> QD G3A"C'/H=D 
%< D(D4EAB>"@>%5;D5~@L;#%D4EABD4C
> QD G3A%CD4G, CD >5E A FA DK@G5{;"G3D ;% C @BDK<=@ D/ODAL;4A	 ><0H
?G, C*#I!JK5L=D4GpD	B;@	.&
;Q<?D4G3A C?GLH#;< ;"G3D DEAg>%5-CJ;AL;D A DM,0G3>F GK;A >D ?DKAGN/DKD4D5~@L;%#%DA 80
<=@B>"A >Gp>L ;DK@#0F;%?CO 
?C*#"P'/H=DQ5~@ ;%# DEABD4C> QD4G3AF%>CED'<=@B>% CD%;
G3>%>5~@ ;%%DN>"@RS5~>@ C*T DK@BDEA C*+OA @ JA	 >O%D4GLH?;%M,0B GIH ;+G8 D4EA8U
OD @	DK@VOA	 .,0?@ DK< G ;A	 ><0GK;GIHJD#0=;?C C=;4AL;r<?;@BA	 A	 >#"
9iD*<=@ D/ODAFA H=DL ?; GW5~@L;#%D4EABD4C > QD4G3A'G3>?G3DK<JA F;% C ;D57 D1=;%< D0A H=D
X>LX N.;# X DK@	 G3D20Y ;DK@ D4CQ
EAB>]N.;%D X <?;G3D#;?C
N.;%
#Z- D4N > QD G3A 8"
[;"GLH8>%5A HJDOD\ ;/D @ :
%< D4(DABD4C;]5~@ ;%#%DA D4C> QD G3A 8^-N/D <?>A%>=A
O<?D4G8T_ G- ?D=D,_ A />%5A H=D-5~@L;#%D4EABD4C > QD4G3A';4<=<=@ > ;"GLH<"
9iD%H?;D CED,_.JD4C;M5~@ ;%#%DA D4C*6~> QD G3A- ;# ;%#"D GK; D4C`= >La 0;]Gp>%<
 DK@40
;% C ;A >>R AF>5<=@	
 ADB5~@L;%#%DA D4C> QD4G3A?,"B'/H=DG3>%<
 DK@D*5~>@LG3D//D?GK;4<6
 ;A ><0"GLH=D4G RbA D @5{;"GpD G3>.+OABD?G,04;?Cc#D=DK@ ;ABD HJ>>R AB>0ABH=D A >>R A4")'/H=D
G3>%< DK@;%?C#A H=D*AB>>R AH5{;G,




f[;<=< ;@ A	CEDgOA4hD%D@dDK< ;@ AF>% @ D4EA	CEDF> QDKA?0CDGp>F GK;A > CED
 ?;i
D4;%P!~< " D1j"CED#GK;% ;%1.& "kf_D=@=A
 ;4A	 >O C*BG, <
VdD D >  G,=@ G, A] ;
@dD ;%+ ;4A	 > CEDG3>?GpDK<=A FCD7<./H?;=AgD4;#DKAFD1< >2ODL D4=@3%<dDD,AL;4A	 ><"
N'>./<=@B>"<?>Q>.3=D ;<=<=@B>GIHJDLOAB@	?G3A=@dD D.CED	H?;%=A3D4;Ql) D > QDKA?m5~@L;#6
%DAdD/,":n]> QDKA-5~@L;#%DAdDrD/OALi> QDKA*<?;4@ AL;#odD%@dDK<?;4@ A	p^<;4<=<?;@ ;%qr Ah;QQD
G,
 DA [G3>%D)F < D > QDKA"of_D/<=@B>#@L;%]%D=@gCtsur> QD AY5~@ ;%# DEAdDCHdD4G, CED
CEDVO>:
EABDK@5{;G3DDKA-CED3B; @BDK<=@dDODAL;4A	 ><0G3>%<J@	80,su D CHdDG @ D20"C*r< ;"GpD%DA
CED	CE>VdDKD,0gCED: ;%G3> GK;A >#DA @BD  Dv5~@L;#%D4EA?,0 CED: ;%C dD4G3> < >2 A	 >
CED/<J@ >"AB>G3> DFDKA'C*QedD4GK;% DFCEDL ;%+O>w"
f_D3 >CthD DCts > QDKA<5~@L;#%D4EAdDm5~>=@	 A(GK;"C@ D'G3>:h;.CTxdDK@ D4EA?YedD GK;%6
G%D?CED@dD <?;@BA	 A >.A D+<yzJD) D?AL; >G,
 DA,U/ODK@D=@40{ ;@dDK< GK;A ><0;su=A	
B;A >
CEDGK;GIH=D//DKA3 D.< ;@ A A >=D%DACEDFCE>VdDKD/,"
N'>..<=@dDODA >.- D	G3>?GpDK<=A 	CED  ;OD CED'> QDKA?x5~@ ;%#%DAdD80_;.GByzws$
D1D%< D*Cts ;<=<
 GK;4A	 ><0. D|ODK@* G3DCED:=>]#;%#D*C*}OA4hD%D X>LX "~AD4
6xG,[D/OA





N'>.g;>.[C dD8_.L ;#;#"DWh;/> QDKA?b5~@L;%#%DAdD ;<=<?D4dDC= >La 0,G3>%<
 ;%6
A D4=@0DKAB=Dg ?>qr A D|h;7>JA	+Cts > QDKA ~5~@L;#%D4EAdD CEDg ?;BD ;%<"of_D.G3>%<
 ;ABD=@
;=@BD;s D4?GK;< ;A	 ><0)CdDK@T_?D ; G3>H3dDK@BD?G3D#CDDA DK@G5{;"G3D/ D A:#)dDwhD @ D D#G3>CED
Cts[;GKGhDFh; ;F  >qr ABD\h;%>JA	+,":f_D G3>%< ;ABD=@FDKAL ;F  >qr ABD\h;%>JA	+v5{;"G8 A DAg ;
@dD ;%+ ;4A	 > CED/<?>





  "!#%$&$&('*),+$&- .
/ " R AB DEA;GKG3D AB>;= >010201020304030204030201020102010203040203040 5
/ " / M;EABDK@5{;G3D 020102020102010201020304030204030201020102010203040203040 6
/ "87 A>JD4G3A	
D.> QD G3A  02010201020304030204030201020102010203040203040 6
/ " T 9H?C# 03020102020102010201020304030204030201020102010203040203040 :
. ;<=!> ? "#%=!>-@$&@AB$C "-DE'*- GF
7*" R >  QD4G3A3QA @?G3A	J@	#r>%5ABH=D X>LX N	;%%D X <?;G3D 020102010203040203040 R U
7*" R" R HgOAB@	
 =A	 >#>%5(57?GpA	 >N3 A HJIKLI MI 02010203040203040 RR
7*" R" / Hg G8.	G > 0102010201020304030204030201020102010203040203040 R7
7*" R"N7 HgOAB@	
 =A	 >#>%5(57?GpA	 >N3 A H X>LX N X '[@ D D 03040203040 R7
7*" R" T Hg G8.	G > 0102010201020304030204030201020102010203040203040 R 5
7*" / N.;%]#L DNg 02020102010201020304030204030201020102010203040203040 R 5
7*" / " R N	;%
#L* DN 5~@ ;%#%DA D4C(> QD4G3A 0201020102010203040203040 R 5
7*" / " / Hg G8.	G > 0102010201020304030204030201020102010203040203040 RO
P QER-TSUVSW "!#%$&$GX),+@$G- GY
T" R ' >>R AF>5) >%N367 D4Db5~@ ;%# DEABD4Cr> QD4G3A? 0201020102010203040203040 R :
T" / = >La  ;# ;%#"D 02020102010201020304030204030201020102010203040203040 / R
T"87 = >La G3>%< DK@ 02020102010201020304030204030201020102010203040203040 /Z/
[ \]$GR= G$&%^3_ [
` a3BR-@= b
7









<=@#;4@	FA DK@BDOAH5~>@-QA @?G3A	J@	# ;@	#D0=D1A D  D0?D1  D0 >#67T5~D|O>5~AN ;@BD"






> QD4G3A	6~>"@ DA D C <J@ >#@L;#: ;%#?;#"D.>"@WOA D4FCE>=>A.AL;RDrC*+OAB@	 =A	 >

EAB>;"GKG3>A"
M;ABH=D%> QD G3A	6~>"@ DA D4C ;<=<=@B>;GIH<0AGN/> > QD4G3A?D#;iG3>] Gp;A D: ;#A H=D

EABDK@5{;G3D>5F;%ABH @ Ct0tQH?;@BD4C]> QD4G3A4"*M;];#C*QA @ =ABD4C+> QD4G3A6 >@	 D4EABD4CQGQA D\0
ABHHN> Ci?;4A	=@ ;%
%D1A D C(A > ;rC*QA @ =ABD4COH?;4@ D4C#> QD4GpA"
= >"@C.QAL;?G3D0>JD-#;rG3>. CEDK@ ;G3> GK;4A	 >GLH?;=D ;F;C*QA @ =ABD4C
> QD4G3A0<N3 A H]AGN/>A D @5{;"GpD,0_>=D 5~>"@*D4;GIHiD?C< >Al !"#$% &')(;A*>=D
D Ct0_;?C$% * ,+ -," !"!$%"&')(;A	A H=D>"A HJDK@"/.0>N/DDK@40 Ag3=>"AW ;A;5{;"G3AB>"@	 A >
G=<=<?>"@BA>];_.1D4C]G3> D4G3A	 > >%53 >N36J DDgG3> Gp;A >#> QD4G3A E!; GIHi;
GLH?;%=D & l~_?@?OA0  D GK;%.QDABH=DC=;A ; ABH=D#GK;4@ @HAGE<?D4Cj^.OD4G3>?C*
0* ?D4GK;.OD
ABH=D%> QD G3A	6~>"@ DA D4Ci;<J<=@ > ;"GLH +GLH D.iG3> G3DK@	JD4C N3 A H CEDG## H#H67 DD
> QD4G3AAGE<?D80N3 ABH%;A DK@G5{;"G3D';?CFOD#;EA G-;<=<=@B>"<=@ ;4A D35~>"@/ABH=D';<J< GK;A >
;4A0H?;?Ct"
9iD0@BD#;4@	RrA H ;AFA HJD5~@L;#%DAL;4A	 >>%5;D
# D- ># GK;% DEA AGr;G3@ >2	3QDDK@L;
 >GK;A >D.QD,57g #;*
COAB@	
 =A D C;4<=<
 GK;4A	 >.,"e= >@
.OA ;%?GpD0F;%
FA H=D
@BDK< GK;/>5;r@ D < GK;ABD4C _. D- ># G ;%
 5~>@	 ;:
# D-_. D"MxA?HA DK@G5{;"G3D'H CD/A H=D




 GK;4A D4C _ D-+F;QH?;@BD4C C*+OAB@	 =A D4C> QD4G3A4"
9iD<=@B>"<?>QD(ABH=D T5~>@	 Gp>?G3D <=A0>5 ;1032#4 5687:9;<7!=?>@BA7!C";3!p= > &B5~>"@*CED/#6

# ;%?C   C*# C*+OAB@	 =A D4C ;<J< GK;A >," PxM+.?;L > QD4G3A6 >@	 DEABD4C
;4<=<=@ > ;"GLH<0;Q= > H ;AGN/> ;O<?D4GpA ,0 D41EABDK@	?;-!~>"@Q ;% .QA @ ;"G3A?z& ;%?CA D @	?;!~>"@
 G3>?Gp@ DKABDz&?"
P OA @ ;"G3A0?;]= > ;<=<?D4;4@ :! AB> A? D1A D @	?;gG, DEA?{&;.;
# DDA	 AG"/MxAg






 ;@FA HJD @'C*+OAB@	 =A	 ><0J;@ DL=>AG  D"
M;A DK@?;%
0FABH=D= > D?GK;4<. ;ABD#; QDKA#>%5 G3>>"<?DK@ ;A	
# 032!4 56879;8" [;GIH
5~@L;#%D4EA<+;rD D DEA ;@0> QD4G3AB!Jp" D"N3 A H ;.G3DA @ ;%KD4C.@ D <=@ DQDAL;A >t& "('/H=D
5~@L;#%D4EA? G3>>"<?DK@ ;ABD-.
#D >N/DK@6J DD= > 80?GLH%;/G3>F Gp;A >rGLH?;%JD8"
'/H=D#<=@B>#"@ ;% DK@>5;`= > !7 A?%6! 76879; >2	&rG3>EAB@ >rA H=D >G ;A	 >;%?C
A H=D
G3> Gp;A >   D ANDKDABH=Di5~@ ;%#%DA ,"I'/H+(;C=CE@ D/	OD/(C*+OAB@	 =A	 > +	G=D
!;G?GLH#;BNFH=DK@ D	A >< ;"GpD*;7<?;4@ A G, ;@ C=;A ;D D DEA40K>"@FH=>N8AB>rH?;%?C D5{;J@ D &
;"G G3>"@ C*#rAB>(ABH=DEOD ;%A	 G4,0;%?C#D1< D G3A D4CF. ;#"D< ;A ABDK@	w0=>%5ABH=DE= > "
'/HJD
R   D ANDKD]ABH=D(D41EABDK@	?; ;?CABH=D
EABDK@	 ;%(* DNP.A H=DFA D @5{;"GpDD16
<?>"@BA D4C: *A H=Dx= > " > =D	G3@	 A	 G ;%> .QDK@	;A >+ABH?;A405~>"@;.<?;@BA	 G8 ;4@G, DA04A H=D
A D @5{;"GpD-/> =AL;=D4C%ABH=@ >#"Hi;<?;4@ A G, ;@H5~@ ;%# DEA4"
'/HJD X> :O! X OA4hD%Doh; >  QDKA?:dDK<?;4@ A#" HQA @	
 =ABD4C >  QD4G3A6 > @ DA D4C X G6
A D4{&.#@ >J<%;4AMQN.:0MQP6{:F>GyzJD?G3>=@ AC!J=D ;@	$ ;4@	+,0= @L;?G3D&H?;~
%< D(D4EABDKC.;
C*+OA @ JA D4Cr> QD4GpA	6p=<=<?>@ A'>"<?DK@L;4A	
#FOABD\0GK; D4C X>cX 0* ?;OD4C%> = > % R :& "
M; X>LX 0;.C*+OAB@	 =A D4C*> QD4GpA~#;?;%#DK@'% O & 0"Gp>F GK;A >.<=@B>"A >Gp>(% R@7*0R3T & 0";
C*+OA @ JA D4CL?;%%DVODK@* G3D)% R"R & 0;?C:O>%DH.QDK@	67 D4D;<=< G ;A	 >.-;@ DgQA @?G3A	J@ D4C
;g= > 8"
'/H0<?;4<?DK@0H ;0AGN/> ;%M,"3=~ @ QA	20* A'<=@BDODA FA HJDc5~@L;#%D4EABD4C%> QD4G3A'Gp>6
G3DK<JA0;%?CAB>>gA >x=<=<?>@ AB A4" X D4G3> C*0 A< CEDA	K_?D_A HJDH ?D=D,_ A [>%5wOAB@	?G3A=@	
#
C*+OA @ JA D4C%;4<=<
 GK;4A	 >.';H5~@L;%#%DA D4Cr> QD G3A 8"
'/HJD @ D/OA%>5*A H=D <?;<?DK@]r>"@	# ;%KD4C ; 5~> >Ng8" AH ;<=ABDK@ / CED8_.=DF= > 8"
AH?;4<=A DK@ 7CEDKAL;+A H=D'D1J;%%< D>%5 ;7H
#"H
rC*+OA @ JA D4Ct0 ;DK@ D Ct0.QDK@	6{G3DA DK@BD4Ct0
?;# ODK@* G3D" AH?;4<=A D @(T]<=@BDOD4EA?:O> D+AB>>+|5~>@= > ," '/H=DQD?G,
?CED#;
A >>R A*>%5V >N367 DDo= > 8^ ; ;# ;%#"D GK;%
 D4C\= >La  A?.G3> < DK@"M;GLH?;<JA DK@ 5
N/D G3> <?;@BD7>=@*;4<=<=@ > ;"GLHAB>(@BD ;4A D4CN/>@	Rj"-=~
?;%
0?GLH?;<JA DK@ 6 G3>?G, CEDFA H=D
<?;4< D @"
        
     	  	>  %	
P 5~@L;%#%DA D4C> QD4G3AGK;O  D * DN/D C;4A%AGN/> C*T DK@BDA: DD+7>5r; .OAB@L;G3A	 ><0
G3>@ @BDO<?> C*#]@BDO<?D4GpA	D4 AB>]A H=D G, DEA4s D!~D1A DK@?;%p0 ;% OA @ ;"G3A8&L* DNL0 ;?CA >
ABH=DL%< DDEAB>"@4s H!{G3>?Gp@ DKABD0*
EABDK@	?;J&o* DNL"
= >"@ G, DEA?D!;QDKDF=~
#=@BD / " R& 0-;i= > *;# DFQH?;@BD4C]> QD4G3A4"M AxLOH?;4@ D4C
  OD4DK@L;FG,
 DA> QD4G3A 80  >GK;%
 KD C`C*T DK@BDEA ;"C=C@ DQ<?;"G3D/,0/<?>
 
>
QDDK@L;( A D8"0P = > G ;% > DK@*C*+OA	
?G3A40.OA @B>#6 AG<?D4Ct0.A DK@G5{;"G3D/AB>#C*K_D @ DA
G,
 DA 8"
= >"@*ABH=D:%< D%D8A >"@L!pODKD]=~
#=@BD / " / & 0( AL.;> QD G3A-N3 ABH;5~@L;#%DA D C
@BDK<=@ D/ODAL;4A	 ><"MxA3FG3>%<?>QD4C(>%5l

 P QDKA*>%5D D%DAL;4@	%> QD4G3A 80t A? 032#4 56879 ; 8":[;GIHQ5~@ ;%# DEAg-#;4<=<?D4C
N3 A H
#>
%>=D*>5A H=DL#;* ;"CJCE@ DQ<?;"GpD/>DK@	 ;<=<?D4C %A H=DE= > "

 P G, DEAxA DK@G5{;"G3D"'/HJD= > s W






EABDK@5{;G3D- ?DKAGN/D D5~@L;#%D4EA?,0=G ;% D4C A  52!>  %9 ;<72 034C"7 "

 f_>NDK@	67 DD4)QH?;@BD4C= > 35~>"@G3>] GK;4A	 >  D ANDKDQ5~@ ;%# DEA?,0[G ;% D4CC>9 9 7!C"; ,7 >@%A7!C"; 8"
M; ;"C=C A	 ><0?;?@%9 = %9 5cA D @5{;"GpD*;%
 >NgFG, DA AB> ?C%A >rABH=DE= > "
= >"@A H=D#>< D @L;A# OABD\0-;\= > ; #@ >=<
>%5	D D DEA ;@ > QD G3A 80)N3 A H








D"u#"?G3>F GK;A >%GLH?;%=D80E>@-QH?;@BD4C%D%>@	r@ D4# >.,"
M;%ABH=D*@ DQAF>%5ABHFGLH?;<JA DK@40*N/D CED,_.=DL%>@ D.<J@ D4G,+OD
rA H=DG3>.OAB@	?GpA	 >#>%5;
= > "=~ @?OABN/DxOHJ>%N8HJ>%N ;G, DA ;GKG3DOD;D= > !pOD4G3A > / " R%&?")'/H=D4OD4GpA	 > / " /
7































=~#=@ D / " / lXP 5~@ ;%# DEABD4C(> QD4G3AF;QDKD  A?H%< DDA >@
   
    	     	     5
A ;%RDF;: >>R ;4A0ABH=DL;@	 >.3A D @5{;"GpD>5A H=DE= > " X D4GpA	 > / "N7FOHJ>%NgFH=>NSG3>6
=D G3A	
D.> QD4GpA F;@BDL.OD4Cj"B=~?;
0*ND Q<?D4;%R ;D  A';% ?>=A	A H=DL 
?C*#r<=@ >A >G3>
!pOD4G3A > / " T& "
 	
  
'/H=D ;% .QA @L;G3A3A D @5{;"GpDF>%5;D= > <=@ > CED4CrA >FQ>%D	G,
 DA) ;D >GK;tA D @5{;"GpD
5~@ ;%# DEA>%5 A H?;4A= > "P 5~@L;#%D4EAF%; >@LC*






#OH]  D ANDKDA H=D

EABDK@5{;G3D.>%5A H=D-5~@L;#%D4EA40E;?C+ABH?;A'>%5-A HJD = >  A QDT5  "
= >"@C.QAL;?G3D0J; ' &+"! $#&%*> QD4G3A40* < DDABD4CD * ;rG3DA @ ;%j#;%
tQDK@	D @0GK;%
 ?D-#;CED';"G G3D	G  D r<=@B>%1 D/D1< >@ ABD4C(A >E.OD @ ,"PO#;.QDK@BN3 ABH=>:Q<?D4G, ;
R=>N3 D4C#"D\N3
 ?C
A > ;<?;4@ A	 G, ;@#;
  >1j0ABH=D GK;'A H=D  $'#)(*! " !$ (>"@
(+ *,+,-.(/! <!$ ()%DKABH=>C/0/>%5H+H >GK;[<=@ >1"
'/H=DB
EABDK@5{;G3D <=@B>% CD4C.A >	;0G,
 DA?>%5 ;g= > [CD,_.=D4C- *;'G3>A @ ;"G3A40D=@#
ABH?;A.D4DK@	 DKA H=>C AgN3
~
*>RDc+ D8_D G3A	
DF%< DDA D C *#ABH=DF= > ".'/H=D
G,
 DAFD1<?D4G3A 	;O<?D4G,K_ Gc
EABDK@5{;G3D^?A H=DF= > <=@B>% CD0A H ;A*G,
 DA3N3 ABHi;%<=@ >1
<?>OD
#%A HHA D @5{;"GpD&18"
= >"@C.QAL;?G3D0;c5~@L;#%D4EABD4C ' &+2! #&%LN3




#*A >3(+ *4+,-.( D	B;%#"D/," > ABH=DK@B.OD @  N3
#DKA;) $5#)(6~>
r<=@ >1"MxA
+t=<*A >FA HJDm5~@ ;%#%DA D4C3#;%
 ?>10AB>'GIHJD4G{RFABH=DB CED4EA AGF>%5JA H=Do.ODK@4" P.G G3>"@ C*#0
 A <=@ > CED/ ABH=DH.QDK@)N3 A H;%;4<=<=@B>"<=@ ;ABD
EABDK@5{;G3D;%?C: < DDA ;A	 >*>%5 ABH?;A

EABDK@5{;G3D"
MxA-+WJ<AB>+ABH=DG3>%< DK@	;%?C]A H=D@	6 A%DA >DK@T57}!x;7CD G3@ ?D4C\}QD4G,6
A >iT"87*0gGLH?;<=ABDK@*T*&'A H ;A*A H=D;G3A	 ;%BA DK@G5{;"G3D G3>5~>"@	M AB>#A H=Dr>=D(D41E<?D4G3ABD4C
 %A HJDG8 D4EA4"
'/H=DL
EABDK@5{;G3D.>%5-A HJDc5~@L;#%D4EA>% DK@ FA @ ;%.Q<?;@BD?G, >%5ABH=DC*QA @	
 =A >#AB>%;
G,
 DA"	P %D A H=>C >5/ABH=D 5~@L;#%D4EA3
EABDK@5{;G3DrGK;\ ?DrDEA @BD
%< D(D4EABDKC 
ABH=D-5~@L;%#%DAH A OD4T50E>@3 A'GK; AB@	##"DK@3









6  	   ( 	 	 	
  
J   .
'/H=D	G3> G3@ DKABDF@ DK<J@ DQDEA ;A >r>5g;E= > ~5~@L;#%D4EABD4C7>ODD @L;%J;"CJCE@ DHQ<?;"G3D/,"
'/H=DF%< DDA >@'G3> CDK@ *G3@ A D @	 ;]?GLHi;.<=@B>"A D G3A	 ><0[D G, D4?G, ;%?Ci;;%
6
;%  AG0AB>CED G, CED A H=D C*+OA @ JA	 >
>%5	A H=D5~@L;#%D4EA?," '/H=D < DDAQ>"@*H?;
57
?G3>A @B>?>DK@ ABH=Dv5~@ ;%#%DAL;A >r>%5gCJ;AL;;%%>#-5~@L;#%DA 80"A HJD3 >GK;  ;A	 >
;% C %>D D,AF>%5C5~@L;%#%DA D!~D"$#"t Q
#"@L;4A	
#%A HJDQ& 0 ;% CA H=D G3>>< D @L;A >
<=@B>"A >Gp>C!J #GIHJ>>
# ;% ;<=<J@ >"<J@	 ;4A D G3>JD4G3A	
D.> QD G3A,&?"
P 5~@ ;%# DEA4s BA DK@G5{;"G3D-+FC* CD4C#ABH=@ DKD C*QA	 G3AF<?;@BA 8l

 ABH=D) @  %Cc! >@.G8 D4EA8&~
EABDK@5{;G3D*G3>EA ;%
.H%DKABH=>CF;"G G3D	G  D- #G, DA ,^

 ABH=D  2 34;<7gA DK@G5{;"G3D:+.G3>%<?>OD C >%5gA D @	?;~%D A H=>C80g;"GKG3D/	
  D>

5~@B> N3 A H
+ABH=D-5~@L;#%DA^

 ABH=D 52!> FA D @5{;"GpD*G3> <=@	+OD/ABH=>QD %DKABH=>C3NFH GLH ;@BD A D @	?;[A >A H=D
= > ;r; NFH=> D}!Jp" D"(NFH GLH




.OA ;%?GpD0.G3>. CEDK@%ABH=D\ < DDAL;4A	 >
>%5 ;@ DK<
 GK;4A D4C _ D ! ];+;
= > "w[;GIHi@ D < GK;(Gp>.QA	 A=A D/7;5~@ ;%# DEA|!;OD DF=~#=@ D / "87z& "F'/H=D G,
 DA
EABDK@	6
5{;"GpDA >	 ! D+ @BD4G3>"@ C*67 ?;QD4Ctl$%3&,   $% *J# $% $ ( 0
 $ + !,  $% *J# $% $ (?0  ,+  +  
(#"+ + # (")'/H=D3#@ >=<:A DK@G5{;"G3DCgC*T DK@BDA0  D4#-  >G R*67 ?;QD4CtlV(.- :!+ +   ,! # *
+BMn#  ,! # *,+ (8"D=(#J@ D / " T OHJ>%Ng.ABH=DrCED G, ;4@L;A >.0>%5 A H+0D1J;%%< D-
]A H=D
= >ca  ;%#?;#"D"F9DFN3
 D1< ;]A HJDG*AL;1 >%5'ABH- ;%#?;%#D}QD4G3A	 >iT" / 0
GLH?;<=ABDK@FT"
M;A H=Du! D1J;% < D04;ABH=D(.- <%D A H=>C[>%5 A H=D@ DK<
 GK;[G3>OA	 A	=ABD/ABH=DH#@ >J<
A D @5{;"GpD0>5 ABH=D5~@L;#%D4EABD4C(> QD G3A"o'/H=D*A<?D6{GIH=D G{R#	>%5-A H=DL#"@B>=<
EABDK@5{;G3D
D.G=@ D/HOAB@ >#
*6~AGE<?D4CG3>] GK;4A	 >.<  D ANDKD:5~@L;#%DA 8")A>F GK;A >
 ?DKAGN/DKD45~@L;#%DA BFGK;4@ @ D4C%>JA #G3>=D4G3AD'> QD4GpA ,"
     r
  r
PSG3>=D4G3AD'> QD4G3A3+~G.OA';=>"ABH=DK@x= > ;A	;D >N/D @3 DD?>5; .OAB@L;"GpA	 ><"
'/HJD%>2OA <J@	] A	
DG3>=D4G3AD> QD4G3A?;@ D'A HJD'G3>F GK;A >7> QD4G3A?~6
< D%DA D4C- rA H=DxOABD\0N3 ABH#;_.1ED Ct0<=@ D4CD,_.=D4C:A D @5{;"GpD"gP A)
.OA ;%A	 ;A	 >
A	
%D0J;(<=@	
 AD	G3>] Gp;A	 >%> QD4G3A	GIHJD4G{R/A H ;A.ABH=DrG3>=D4GpA D4C#D?C.;4@ D
=/CM9:;9G! #"$%t:;KnCFI=@<>`aOF< C& :;9GF9at:;9gl<ug4CM? CHIQ=@<k=[?/eCH9,Ot?k=[<kl?>9:;9GqCr?k=@K>lL;<naHA)<B_g,= #"'() #%+*-,. #/ 01"r< C&J=@KCF:;9gl<zg4CH?8CHI=[<k=@?zaHA <B_&g,=2 3"4'() 3%$efCH9,O?k=@<>l?k9$K9a?>=@Kkl$LN<5*768""59t<8C&E=[KCH9
:;9&<k=@GJ=@?ng4CH?8CHIQ=@<k=@?D[CHL;L;=/O;:(<6/ 01/ (+=&\>4?n`=@?>=:;K 9$at9=@=/OQA5aE?nC@"01ACBuaEg,=@? CM<k:;aE9:"AED-F ":;KA'lL;L;_t?k=@gL;:bD@CM<k=/O.\























#=@BD / "87*lk'/H=D-5~@L;#%D4EABD4C(@ D <=@ DQDAL;A >%>%5;@BDK<
 GK;4A D4C _ D






>^<?_`T$a(SCb K&(')c51def"(	L"$ #&Ng	hQ GiIjk:l<5m Q F 4 i n J
o  E O jpaq O F 4 i n J
r Ls jpatqaq#m  ruE  E v5n J
798;:=<?>wb K&(')x"( R&;yN	Cz jaqatqRm|{%B  F sz atq}{%B  F s { n J
H)J
=~#=@ D / " Tl H0D4G, ;@L;4A	 >#>%5  ! W
#A H=DE= >ca  ;#?;#"D




 >N/D CA > G3> GK;4A D C* @BD4G3A0B;" D"ABH?;A%ABH=D
;4@ DQ5~@ ;%# DEA?>%5;
 ;%DL= > "
A>F G ;A	 > > QD4GpA Q < DD8EA%ABH=D  ?;G G
G3> GK;4A	 > 5{;"G8 A	 D,0
 GIHi;.G3>] Gp;A	 >#<=@B>"A >Gp>:!~D"$#" @BD%>"ABD*<=@ >G3D C*=@ DG ;%p0_;?GLH=@ >=>.
@ D4%>"ABDF<=@ >G3D C*=@ D	GK;;0<?;@ ;% D?@ D >"A DF<J@ >G3D4C=@ D	GK;%
;0%57?G3A	 >?;?@ D%>A DF<=@B>6
G3D4C=@ D*G ;%p0EDKA G"T&?0=GK;GIHJD#0E@BDK< GK;A ><0E>@F>"A HJDK@.COAB@	
 =A	 >%<?> G8 D8"
'/HJD0AG< D/>5g<?;@ ;%%D A DK@?~rABH=D#@ >=<A D @5{;"GpDF>%5[ABH=Dx=<?DK@ >"@V= > #;D ?D







# AB>]A H=D%D41=;%< D>%5
A HJDF@ DK<
 GK;4A D4C  ! 0=~#=@ D / " 5 
.QA @L;4A DgA H+m+	G=D")'/HJD#@ >J<A DK@G5{;"G3D>%5A H=D
 ! g= >  A H=Dp(.- )%D A H=>Ct"o[;"GLH
*>GK;4A	 >>%5(.- o#;<. >EAB>r;' #!& ,(
;A*>=DrD?C >5FA HJDrA @L;.O<?>@ ArGp>F GK;4A	 > GIH?;=D-;% C; $% *-' :!& (;A
A HJD+>A H=D @rD?Ct" '/H=D !+  < ,! # *,+1(<?;@ ;%%DKABDK@D
QADF.OAE  D G3>DK@ G3D4C`
EAB>]A H=D
' "#&  0CJ;AL;4AGE<?D"-A>DK@?OD
0?; $  *"-' "!!&  ,()+v ;<=<?D4C%>A > ;%\=< GK;[A >















=~#=@ D / " 5 lXM;>GK;A > Gp>DK@LG, >.
> =@-A<?D6p ;/5~DA @BD4;A%DA[>%5jA DK@6 <J@ >"AB>G3>
6J ;DK@gG3>DK@ G, >D<57=@ ABH=DK@-CEDKAL; D4C
 QD4G3A	 >#T"87*0?GLH?;<JA DK@FT"
         :




.OA ;%A	 ;4A D4CD ?D,5~>@ D3.QD0;.G,
 DA~F.QAY_?@?OA
@%9 = AB>#;F= > "j' >%@BDy=DOA';GKG3D AB>O>%D*<?;@BA	 G, ;4@-= > 0 ABH=DrG8 D4EAC>RDF;
 
?C*
#(<J@ >G3D4C=@ D0 ;O>G, ;ABD4CQN3 ABH A HJDAGE<?D>%5ABH=DD1<?D4G3ABD4CA DK@G5{;"G3D"V'/H
<=@B>G3D4C*J@ Dr@ D A	=@..;%<=@ >1"L'/H=DF  C*# <=@ >G3D C*=@ D:+0<=@B>#"@ ;% DK@	6{CED,_.JD4C
8"
'BE< GK;%
0 A3N3 >"<?D ;(G3>=D4GpA	 >%A >>"ABH=DK@H5~@ ;%# DEA?,"
'/H=D:
%< D(D4EAB>"@F>%5 ;= >  ;/#@BD > ;iGQA D]6xCED8_.=D4C ?CDK@0( GIHi;
P.N X PDs  2!4=72% : & 0)NFH GLH #;%
EA ;%
.-#;<=<#2>%5xA DK@G5{;"G3D#CD G3@ <=A >.A >
QDK@	DK@?,"E'/H=D]OAL;?C=;4@LC\ ?C# <=@B>G3D4C*=@BD:iP.N X P + AB> G3>AL;G3A.A HJDrA @L;CEDK@
N3 A H];Q
EABDK@5{;G3D*CEDBG3@	 <=A	 ><0NFH GLH#@ DKA=@	F;QDK@	DK@'Gp>=D G3A	 ><"C'/H=DK@BD4;/5~ABDK@
ABH=D*G,
 DAB.OD;:OA #D?GK;4<. ;A#A H?;4A'G3>JD4G3A	 ><"o'/HF;4<=<=@B>;"GLH_?A BN/D

5~>@L
%< DWODK@* G3D,0NFH GLH]CE>J>"A.@BDyz @ D;%C*?; GxOD D4G3A	 > >%5A H=D|O<?D4G,K_ G

%< D4(DAL;4A	 >r>%5A H=DLA D @5{;"GpD.@ Dy=DQA D4CF *#;G,
 DA"
M; X>LX 0tND:#"DJDK@L; .OD;%>@ D:
*>D4C 
?C*#%<=@ >GpD4C*=@BD0<##%A H=D
= >  < DDAB>"@(%>"@BD'G3>A @B>;"-P  ?C*
#*H?;A H=@BDKDxOA D <.,"M;A H=D3_?@ QACOA D < 0=;
?;%D- >>R=<}!;
 ;@A >P	N X PDs  '[@L;CEDK@3 >>R=<t&B D C/; 2!>%=72 > QD4G3AB5~>"@
ABH=D ;%%D4CQ
EABDK@5{;G3D"rM;iA H=D]OD G3>?C OA D < 0[A H=DF  C*# @BDyzJDOA-+5~>"@	N ;@ CED4Ct0
 $ABH=DiC*QA @ =ABD4C$> QD G3A ;%?;#"DK@ % O*0.R :& 0FA > ;< ;@ A G, ;@]%DKA HJ>C$>%5A H=D
<=@B>* CEDK@"gM;rA HJDFA H @LC:OABDK< 0"ABH(%DKA HJ>Cc#;C*?;% GK;%
g.QAL;EA ;ABD';.<=@ >1

%< D4(DAL;4A	 ><0 ?;OD4CI! 5~>"@L
.OA ;%?G3D&0>A HJD.QDK@s - CEDA	 AG0 >ABH=DF ?C#
@BDyzJDOAg;4@	#%DA )! D2"$#"pAGE<?D>%5 ;GKG3D_@ Dy @ D4Cb&?0K>A H=DAGE<?D>%5 A H=DB?CDK@	
*
#
GQA D >@.;4@LGLH ABD4G3A=@ D0>@F> ABH=DL > ;"C+>5 ABH=DG, DAs H=>QA"
'/H=D/OD%AGN/>   C*# ;<=<J@ >;GIHJDr;@BD0D4;GIHw0 ;<J<=@ ><=@	 ;A D5~>@G3DK@ A ;%
G, ;OD
>5';<J< GK;A >,"N0>=D:+- ;4A	+ 5{;"GpA >"@Q5~>"@*;p"MxA-+=<]A >#ABH=D:%< DD,A >@FA >
GLH=>>QDABH=D*>=DLNFH GIH_?A?H A HJDKD4CH ?DQA"
&:;I:;LbCH?)<kaCM9:;9K>< CH9&<>: CM<k:;aE9Qg?kaD8=*O&l?k=C DjaE9K><k?kl,D8<kaJ?:;9qn@\
        
  
  
            	?   
 	   	
M;#A H+FGIH?;4<=A D @0N/D;4<=< A H=DE= > ;<J<=@ > ;"GLH A >;: ;DK@BD4C?;#FODK@* G3D % R"R & 0
 < DDABD4C5~>"@*A H=D X>LX > QD G3A	6p=<J< >@ A>"<?DK@L;4A	




[<=@ DQDA3";4@	 >.0<J@ >#@L;#rA >>+,0tOD4C
A >F 
 CG?GLHQ= > ,"
P ?;#FODK@* G3D*;O>G, ;ABD?;%DAB>(> QD4G3A?,"C'/H=D>=D*<=@ DQDA D4C%H=DK@BDL
 ;DK@BD4C%;GKG3>"@ C*#rA >F A /AGN>G3>%< DDAL;@c57 G3A	 >.8l

 ABH=DL  >A AB>  ;DK@C 5~>"@%D4C(>5N	;%%D X <?;"G3D*> QD4G3A 8^

 ABH=DAB>"<Q ;DK@33#;"CD.>%5 N.;#:Zx DN > QD4GpA ,0=D ;"GLH >%5mNFH GLH#<=@ DQDA ;:Q< D G,T_ G- DN >%5-A HJDc?CEDK@#N.;%D X <?;"GpD,"
{$        
   	 
  ~ 
P N.;%D X <?;"GpDc+F;H=> >#"D4=DK>3ODKA>%5-< D @ +OABDEAC?;% DUK> QD4G3AF;	Q>G, ;4A	 >.,"
[;"GLH
N.;%D X <?;G3D#; H ;/DF A?7>N3 G*AL;1>@D?;# G3>*D4EA >," X >%D
N/D467R=>N3N.;%%D X <?;"G3D/;4@ D	;Dn1c_ DxOA D4\0";L+OA>%5 ;%=ABH=>"@ KD4C:.QDK@ )5~>"@
O>%D	G3>%<=A DK@o.QAL;%
 ;4A	 ><0E>@/ABH=D*M;EABDK@	JDKA H=>2OA3?;%D," .0DK@BD4;/5~ABDK@0ND*CEDKA ;%

A HJDCD
##>%5ABH=D X>LX N.;%%D X <?;"GpD"
'/HJD X>LX N.;%D X <?;G3D;+AB@ DKD>%5g?;%D80 CED4Gp>%<?>QD4C\A >#<?;@BA D#;6
AL;=D CW EODK< ;@L;4A DVODK@DK@ 8"MxA<+ <?;4@ A A	 >=D CcG
 ;4@	FAB>0ABH=DHZx6 X OABD ?;#
O< ;"G3D % 6 & lFD4;GIH ODK@DK@'H=> C*;DK@ A GK;(
 G3D0jOA ;@BA	# ;A.ABH=Dr@ >>A*>%5A H=DrAB@ DKD2"
'/H=D X>LX N	;%%D X <?;G3DL%< DDEA?AGN/>G3>%< D%DAL;4@	c57?G3A	 >.8l









#;%#D/>%5gABH=DFA @BDKDg *< D DK@G3>>"<?DK@ ;A	 > ?DKAGNDKD
QDK@	D @ ,"
'/H=D}_?@ QAQ57?G3A > G3>.QA	 A	=ABD ;O= > 0 G ;% D4C IK I MIt0N3 A HSA HJ@ DKD}R*
?C
>5H5~@L;#%D4EA?,l *#  *$! +    $5#&%20 *#  & ' +   $'#i% r;% C *# $ - $ IE-F!x;O>G, ;ABD4C
N3 A H=>"@#;%gG8 D4EA?,0;"C*]+OA @ ;AB>"@FG8 D4EA?,0;%?C ODK@DK@ 80E@BDO<?D4G3AD
b&?"
'/H=D OD4Gp>?C57?G3A >G3>OA	 A	=ABD;%=>A H=DK@M= > 0GK; D C
IK I MI  $% ^v A:
G3>%<?>QD4C>%5	AN>`R C>%5g5~@L;#%DA 8l8/# $% IE-%;% C *#  $%3  $'#i% \!J ?>"ABH
;	O>G8 ;ABD4CiN3 A H OD @	DK@?{& "
==@BA H=DK@%>"@BD03D ;"GLHLODK@DK@<OAL;EA ;4A D[; /# (&$   $"> QD4G3A0NFH GIH- ;%?;#"D
 A (>N38<?;4@ A%>5ABH=D\?;#iA @BDKD" '/H=D *#  (&$    $0> QD G3A ;"GKGp>%<
QH8;%

ABH=DQDK@	D @s F#;%?;#"D DEA;G3A	
* A	 D(>%5 A H=D}?;# A @ D D^7ABH=D]>"ABH=DK@#> QD G3A 
! *#  $ -$ I J-0 /# "$  @IE- ;%?C *# $%   $5#&%&'>iCED ;%HN3 A H C*QA @ =A ><"
M;ABH*;@BA	 G, D0<NDN3
B=>"A CEDKA ;%ABH=D *#  (& $    $> QD4GpAD ?D4GK;.ODF A?7@ > DF
=>A.GpDEAB@L;_A >A HJD = > 6 >@	 DEABD4C 5~D4;4A	=@BD/>%5-A HJD X>cX N.;% D X < ;"G3D"
X D G3A	 >. 7" R" R;?C 7" R"N7r<=@ DQDAFA H=D3IKLI MI ;%?CJIK I MI  $% L= > 8"H'/H=D
G3>@ @BDO<?> C*# CED4G8 ;@ ;A >H#A H=DW= >La  ;%#?;%#Dr;4@ D*<=@ D/ODA D4CF ;ABDK@0 =~
#6
=@BD*T" / 0?;%?Cj0_;4@ D*D1< ;=D4CF OD4GpA	 >#T" / 0?GIH ;<=ABDK@FT"
	

 	 !#"$%	'&()*!+',.-/, 01,
f_DKA]. J>%N CED/ G3@ ?DQ
 %>@ D CEDKA ;%FABH=Di5~@ ;%#%DA >%5 ;IK I MI8;% C$A H=D @
G3>><?DK@L;4A	 > !;QDKDE=~#=@ D27" R& "
'/H=D = > AG< DJIKLI MI+(G3>%<?>QD4C>%5g5~@L;%#%DA >5*AGE<?D *#  *$! +    $5#&%
;?C /# $ - $ IE-0G3>=D4G3ABD4C *#;DF A	 G ;OAGLH?;%=DgG3>=D4G3AD'> QD4GpA"
98H=D4#;:ODK@DK@B ?>>"A 80b AH 
?CA >*IKLI MIt0NFH GLH
.OA ;%A	 ;4A D; *#  $ -$ 
IE-":'/HJDr@ Dy=DQA 
` A #@ >J<`
EABDK@5{;G3D0   $5# -.(32 M &' ;% C   $5#)-.(4&#.#)+65 (
;4@ DE
%<<?;	OD C+>#AB>(ABH=DL >GK; *# (&$    $[> QD4G3A4"
P G,
 DA%>5rA HJDIKLI MI !J;" D"; ?;# * DN > QD4G3A,&| ?C AB>(IKLI MI
N3 A H A H=D]@BD A%>%5|.QAL;EA ;A#9; /# *! +    $'#i% " '/H+ > QD4G3A%AG<?D03N3 A H
;<  GA DK@G5{;"G3D#; >%N3
#iA >
;C=C$;?C  >>R J< ?;%D! &M &' 87,! #.#)+65 (&?0
#;?;%#D';  >GK;%gGK;GIHJD7>5B?;%D*<=@ D,_1ED8"H[;GIH#DA @#;O>G, ;A D/.; <J@ D,_.1]N3 A H
ABH=DgODK@DK@04>"@mODKA >5wODK@DK@ 80R*J>%N3rAB>-#;?;%#DFA H=D G3>"@B@ DQ< >?C*
#E =AB@ DKD2")= >"@
;C*OAB@L;4A >"@G, DEA?,0KABH=D *#  & ' +   $'#i% /> QD G3AAG<?D3=H=D @	 A?w5~@B> /# *$! +  
  $5#&%"MxAD1A D?C~ A?m




P8D41ED4G8=A	 >8>%5 A H=D! #.#)+5(%D A H=>C$>5; /# *$! +    $5#&%\_?@ QAi >>Ri=<
ABH=D];4@	#%DA:  A?(GK;GIHJD"O'/H=D  >#"DQA#;4ALGLH#]<=@ D,_1
G3>"@B@ DQ<?>?CA >
;
@BD%>"ABDL .ODKA	>%5 /# $ - $ IE-,"C'/H=D @   $5#)-.(4&#.#)+65(  DKA H=>CH
*>RD4C\!J 





































      (                  R7
;\ A	 < D :($VA >$ABH=DQF A	 G ;OAGLH?;%=DJ&?^/A HJD @r@BDK< Dr;@BD]G3> D4G3A D C;%?C
@BDKA	=@=D4C%A >A HJDG8 D4EA4"
X 
 ;@0_;D1D4G,JA	 >]>%5 ; *#  *! +    $'#i% s -%DKABH=>C &M &' D >>R-=< 0
5~@B>A H=D	GK;"GLH=D0A H=D- >#DOAB#;4ALGLH#.<=@ D8_.1r>%5gABH=D ;%%D"o'/HA	
%D/H=>NDDK@0
ABH=D   $'#)-.(32 M & ' H%DKABH=>Cr>%5;D
# D*#  $ - $ IE-3 
*>RD4C@ D4%>"ABD]!J 
;FOD D4G3AD	:$HA8> A HJDcF A	 G ;OAGLH?;%=DJ&?"/MxA?/@ DK<




   ".#  	
'/H=D ?D41*
 
 AG#>%5	A H=D= > ;<=<J@ >;GIH +7H=D <*57)5~>"@*IK I MIt" MxADN> C`=>A:  D
;;%
 ;%  DLN3 ABH ;:QAL;?C=;@ C\OA Q#D=DK@ ;A >@"
'/H=D*IK I MI\= > >% DK@? AGN>#C*T DK@BDA-A DK@G5{;"G3D/ AB> G8 D4EA?,l *#  *$! +    $5#&%
5~>@;=>@	#;G,
 DA0 ;%?C *# & ' +   $5#&%c5~>@;C*
QA @L;4A >@ ,"F[)1A DK@?;%
0?A H=D
 ;A ABDK@C*T DK@?m5~@B>XA HJD5~>"@%DK@ >: (H ;/#7ABH=D*;C=C* A >?;% &M # -%DKABH=>C
AB>
;"C*]+OA D @A HJDQ#;4<=<#>5DJ>CED(AB>QDK@	DK@?," H0D
DK@>5A H=DQD <=@B>1* D
++Gp>A @ > D4C  * A H=D IKLI MI  
?C*
#
<=@ >A >G3>;^r;<=@B>% CDK@%> QD G3A CED4G, CED,0
CED < D4?C*# >iA HJD(@#"HA .>5'A H=D@ Dy=DQA DK@40_A > CED
DK@'D ABH=DK@*; *#  *$! +    $5#&%
>@.; /# & ' +   $5#&%"
'/H=D
%< D4(DA >@*>%5*ABH=DJIK I MIS5~@ ;%# DEABD4C> QD4G3AG3>EAB@ >+ ABH=D C*QA @6
 JA	 >>%5 C=;A ;iN3 A H
ABH=DC*T DK@BDAW5~@ ;%#%DA ," P /# *$! +    $5#&%%H?;G,
 DA	6
Q< D G,T_ G*C=;4AL;! ABH=DL >GK;gGK;"GLH=D&?0*NFH=DK@BD4;'; *#  $ - $ IE-*CE>DG<s A'H?;D*;%"
'/H=D @ DL.;G, D4;@	C*QA	
?G3A	 > ?DKAGN/DKD4 A HJDrG,
 DAH
EABDK@5{;G3D0 < DDA D C 
ABH=D *#  *$! +    $5#&%i> QD G3A Q!~A H=@B>#H NFH GLH8;?;%]#}* DN > QD4GpA%;GKG3DOD
AB>8A H=D X>cX N.;%%D X <?;G3D&?0;?C A H=D#@ >=<PA DK@G5{;"G3D0-
%< D(D4A D4C  8A H=D
/# $ -$ IE- > QD4G3A?," P *#  *$! +     $5#&%.> DK@ )5~>"@	N ;@ C*#: DKA H=>CAB>D
*>RD
ABH=D-5~@L;%#%DA D4CF%DKA HJ>C/>%5-A H=DL#@ >J<QA D @5{;"GpD"
	
  	 !#"$%	'&()*!+  	 


f_DKAx.-=>N CD G3@ ?D:\ >"@ D CEDKA ;%gA HJD 5~@L;%#%DA F>%5 ; IK I MI  $  r;%?C
ABH=D @'Gp>>"<?DK@L;4A	 >!pODKDE=~
#=@BD37*" / & "
'/H=Dg= > AG< D IK I MI  $% H+G3>%<?>2OD4C>5t5~@L;#%D4EA?>%5gAG< D /# $%   $5#&%
;?C /# "$  @IE-0G3>=D4G3ABD4C *#;DF A	 G ;OAGLH?;%=DgG3>=D4G3AD'> QD4GpA"
98H=D4#;QDK@	D @H ?>>"A?,0. A3 
?C/A >*IK I MI  $  :!J ;"C=C* A	 >#A > IKLI MI#;
D1< ;%JD4Ci
\OD G3A	 > 7" R" R%&?0tNFH GIHOAL;EA ;4A D.; *# $% @I J-;% C];8*#  $% <
  $5#&%" '/H=D @ Dy=DQA  A H=D *#  $% @I J-\#@ >J< A DK@G5{;"G3D20   $'#)-.( $ +  
;%?C
  $5#)-.(32 0 ;@BDE <r<?;	QD4C+> A >rABH=DL >GK; /# (&$    $ > QD4G3A4"
98H=D4]; *# (&$    $@BD4G3D
D/; &M &'  @BDy=DOA40=AGN/> GK;QDv ;/>GKG,J@:l
D A H=D @0~ A*H=> C7ABH=DDK@BA	 G ;%BG GpD
NFH GLHiA H=D ;%%D:F.OAL ?D%@BD#+OA D @ D4Ct0g>"@




















#=@BD17" / lHQA @ =A >+>5)57?GpA	 >JIKLI MI  $% 
         
	    R 5
 AC>D<s AD#;?;%#D A"#M;iA H=D:_?@ QArGK;OD0gA H=D *#  (&$    $H ;7AB>QDK@T57T5 A H=D
?;%DL3=>"A	;% @ D4;C*#@ D#QA DK@BD4C];=>"ABH=DK@g?;% D QDK@	D @  " M  A H=DEQD4G3> C]GK;QD0
 A H?; AB>5~>"@NF;@ C ABH=DF@ D/yz=D/OAgA >;LODK@DK@~ ;%?;##.A H=D3D @ A	 GK;%G G3D"(= >"@) ?>"ABH
GK;OD80"A HJD *#  (&$    $=GK;+_A H=D';4<=<=@ ><=@	 ;ABD3%DKA HJ>C >5 A H=D *# "$    $5#&%G, DEA

EABDK@5{;G3DLNFH GLH<0#A=@	<0.>RD//A H=DL#"@B>=<\
EABDK@5{;G3DF!   $5#)-.( $ +  U  $5#)-.(32 *&
>5A H=D)/# "$  @IE-.> QD G3A 8"
	
  ".#  	
'/H=DE%< ;"G3A?>%5A H=DE= > ;<J<=@ > ;"GLHQ5~>"@'CEDG##A HJD1IK I MI  $% L= > ;4@ D*A H=D
5~> >N3
#"
MxA.H CED.A HJD#C*QA @ =A >]>%5'A HJD?;#+AB@ DKDrAB>];#<?;@BA	 G8 ;4@1/# (&$    $;"
P /# (& $    $_> QD4G3A>
R=>Ng/A H?;4A3 AC#;%?;#"DB A?ODK5-;<?;@BAF>%5-A H=D- ;%
#
AB@ DKD0J;%?C#A H?;4A0ABH=D*@ DQAF>%5-A H=D*AB@ DKDLH ;%?;#"D4CO>%DNFH=D @ D.D+OD"
'/H=DC%< D%D8A >"@CED,_.JD ;-QAL;A GH 
?C*
#.<=@B>"A >Gp>..QAL;EA ;A# ; *#  $% <
  $5#&%r;?C ; /# $%3@IE-.;4A0ABH=DEODK@DK@s   ?>>"A'A	
%D"
'/H=D @ DL.;G, D4;@	C*QA	
?G3A	 > ?DKAGN/DKD4 A HJDrG,
 DAH
EABDK@5{;G3D0 < DDA D C 
ABH=D *# "$    $5#&% > QD G3A [;?C7ABH=DB#"@ >=<D
EABDK@5{;G3D)
%< D4(DA D C3 *.ABH=D *#  $% <
IE-*> QD4GpA ,"
{E   
  
 
P8N.;#Z- DN+ ;-N3?CE>N A > ;-OD D4G3ABD4CDQDKA >%5m! <?>"@BA	 >. >%58&-N.;%D X <?;"GpD,"
98H=D @ D4;[N.;%%D X <?;G3D_@BD"?D4G3A;"C*]+OA @ ;AD(#;%?;#"D DEA G3>.QA @ ;%A 80";FN	;%6

#:Z- D4N @BDK<=@ D/ODA A H=DL?;#Gp>*_.#=@L;4A	 >]GLH=> G3D.>5;D.QDK@"
9iDGK;%
_>J@?;%DLQDK@	 G3D  72 C"79 ;<727!=c ?D4GK;.OD*D4;GIH.QDK@';"GKGpD	QDH?;% D
 ;*>=D.>@3%>"@BD-Q<?D4G,T_ GK;%
A ;%
 >"@BD4C DNg80*NFH GIH ;@BD-# ;@L;EABDKD4C%A >ERDKDK<A H=D
B;%%Dg%D4;#*DD4#;A H=D-ODK@3%>D-;@ >?C%A HJDLOABD\" X >%D'D1J;%%< D>5
.QD,57. DNg;@BDlABH=DLQDKA>%5( 
?;@ D~5~>"@ABH=D*G,=@B@ DA)#;GIH=D ;@LGLH A D4G3A=@ D2^"A H=D
 DN >%5-A HJDGp>%<?;*67N3 CED-





 &  
 
   
   
 "$
M; X>LX 0J;rN.;%]#LZ- DNO;A @ D D0 >GK;[A >r;rG8 D4EA40z
NFH GIHF D4;D;4@ DN.;% D
X < ;"G3D.<J@ >1* D3!;QDKDL=~
#=@BD 7"N7z&?"HAB DEA? >%5;N.;#LZ- DNOG  A @ D/yz=D/OA A >
C*K DK@ DA'N.;%D X <?;"G3D/ ABH=@ >#"H  A FG8 D4EABA D @5{;"GpD"
6zl=d<kaz<k`=g4CH?><k:;<k:;aE9$:N9$GdA'=*CH<kl$?k=uaHA<k`=u94CMI:;9Gd<>?k=@=Ee&Cu94CMI=)IqC*_n`4C*yJ=dKk=[yE=@?8CHLCHl<>`aE?>:;<k:;=@K
O&:;Kk<>?k:;l<>=/OcCHIQaE9G94CMI=zKk=@?>yE=@?>K/\














#Z- DN  A QDT5g+c=>AD5~@L;%#%DA D4Cj"\= @L;%#%DAL;4A	 >
;@QDDNFH=D
OD4DK@L;).OD @ LOH?;4@ D ;#G3> > N.;%]#Zx DNk! 5~>@L.QAL;% G3D0[;#G3>%<?;%6JN3 CED
 DN QH?;@BD4Ci  A?H%D: ?DK@?{& "
'/HJDFOH?;4@	#+>5 ;%N.;%]#FZ- D4NSG3>OA	 A	=ABD.;= > 0_G ;% D4CM 2   M  I0
G3>%<?>OD C >5 - + 
 	 ,(,! + * &D5~@L;#%D4EA?!;QDKDE=~#=@ D37" T*&?"
PkOH ;@ D CN.;%]#Zx DNP*@ DK< G ;A D CQ ODDK@ ;%;C=CE@BD	EO<?;G3D,"98HJD;
G,
 DAH%>CT_?DFA HJD -+ 
 	 4(,! + * &(> QD4G3A0=ABH=D  >C*T_ G ;A	 > .QA3 ?D<=@B>"<?;#;ABD4C
A > ;%
@BDK<
 GK; ABH=@ >#"H
ABH=D#@ >=< A DK@G5{;"G3D"]' > D.G=@ D G3>QA D G,0@BDK<
 GK;
;@BDG3>JD4G3A D CM #; ;4A > GF A	 G ;OAGLH?;%=D[<=@ A	Dg= > "
98HJD];G, DAH.QDK@0<J@ >G3D >#3<0 A ?CFA > M 2   M  I0bNFH GIH
6
OA ;%A	 ;A D/(; - + 
 	 ,(,! + * &0g ?;QD4C$>8ABH=D @BDyzJDOA;4@	#%DA r<=@ > CED4C 
A H=D
G,




 >NgAB>rG3>=D4G3Ag! *J#  *{& N.;%%D/
X <?;G3D:!Jp" D"rABH=D @*<=@B>1* D{&?0 AB>%>C*T57 A H=D N.;#]Z- DN  * ;"C=C# C* @BD4G3A >6
@	 D! & + $J&L
ABH=DQ >GK;%FAB@ DKD0;?CAB>;C=C$;?C  >>RJ< ?;%D! &M &' 37
! #.#)+5(&3
#A H=DG3>=D4G3ABD4C%N.;%D X < ;"G3D8"
Pg]D1ED G,=A	 > >%5A H=D *E#  *"3 DKA H=>C#>%5 ;8-+ 
 	 ,(,! + * &_?@?OA-F A GK;OA?/A H=D
  $'#)-.( #  *"]%DKA HJ>C$>2;%/-+ <
	 ,(,! + *3&%8" '/H=D<0'D4;"GLH -+ <
	 ,(,! + *3&9@BD4G3D
*6
#A H=D]@BDy=DOA] ?C(A >
A HJD]@	#HEAM= > 
%< D4(DA	K#]ABH=D]@ D/yz=D/OA D C8N.;%%D
CMI:;9G:;=@mnKCH?>=?>=@GE:;K><k=@?>=/O.e,:B\ =J\f94CMI=/O e&:N9CFg?k=*O&=49=*OzCHI= ig4CED8=J\
         




















=(#J@ D37*" Tl '/H=D M 2    M      = >
R@O  	       (         |	      
X <?;G3D\!5~>"@D
.OA ;%?GpD0[A H=DCIK I MI;*D1E< ;%
=D4C\ 7*" R" R&*;?C;"CJCA H=DF#;4<6
<
#: A?H >GK;[A @BDKD"
PgD1D4G,=A >]>5.ABH=D &, + $H%D A H=>C]>%5 ; -+ 
 	 ,(,! + * &_?@ QADF A GK;OA 'A H=D
  $'#)-.(32  + $  DKA H=>C#> ;%
 -+ 
 	 ,(,! + * &,"F[;"GLH -+ <
	 ,(,! + *3& @BD4G3D
*
#A H=Dr@BD6
y=DOAo%>C*T57L A ~ >GK;%=AB@ DKDC * G3@ D ;A	
#.ABH=DFC* @ D4GpA >"@r;?Cr;"C=C#*A HJD3#;<=<#"
'/HJD! #.# +5(*;% C &M &' H DKA H=>Cr;4@ Dx
%<-5~>@	NF;4@LCED C(A >A H=Dg?CED @	#
N.;%D X <?;"G3D/,"
Pgr;AB> G >"@LCDK@ D4CDF A	 G ;OAj<#;"CD>rA H=D G3>=D4G3ADB= > A >*;> Cc
?G3>6
+OABD?G, ?DKAGNDKD%ABH=D -+ 
 	 ,(,! + * &
]GK;OD*>%5Gp>?G,J@ @ D4EAFD1D4G,JA	 >#>%5 *J#  *"
>"@/& + $<%D A H=>C8"
    ".1  	
'/H=D:#; ;"C";EA ;%#D.>%5A H=D|= > ;4<=<=@B>;"GLHQ5~>"@ CED
#
#%ABH=DCM 2   M     
= > ;@BD*A H=D-5~>
 >N3#"




M 2   M   = > ; >%Ng*A > H CEDA HJD(@BDK< GK;A >>5'A H=D -+ 
 	 ,(,! + * &+> QD4G3A
A >A HJDG8 D4EA?,"
'/HJD:T5~>@	 G=<=<?>"@BA-5~>"@*G3>F GK;A >OH=> C ;%
 >N A > D4;G D1=GLH?;#"D
A HJD ?; G= > .QD4C 5~>"@;L%>"@BDgO>"<JHQA	 G ;A D C >=D0*N3 A HF ?DKA ABDK@@ DK<
 GK;4A	 >:#;6
;%#D%DA/<?> G8 D8"
        
   	        	  	>  %	
'/H=D 5~@ ;%#%DA D4C#> QD4G3A G3>?GpDK<=A'D?G3>%<?;OD'A H=DFQ< D G,T_ G ;A	 >]>5F;#@ >J<>5
5~@ ;%# DEA?,0>%5oA DK@?;%G3>>"<?DK@ ;A	 ><0 >%5-A H=DC*K_D @ DAH
EABDK@5{;G3D/;?C+>5;D%D4GLH6
;G 5~>"@g  C*#D5~@ ;%#%DA AB>%G8 D4EA?,"
PIO<?D4G, ;%KD4C- ;# ;%#"Dg[H=D <*57A >-NF@ ABD/A HJDODVO<?D4G,K_ GK;A >.,"-M A? G3>%< DK@
N3
gGLH=D4G R(ABH=DG3>"@B@ D4G3A=D/>%5ABH=D:Q< D G,T_ G ;A	 >}! D2"$#"=AG<?D6xGp>%<?;4A	
 
 AG>5A H=D
#@ >J<OA DK@G5{;"G3D& ;%?C ;%=AB>#;4A	 GK;%
}#"D=D @L;ABD]G3>CDi5~>"@ G3>%> GK;OD!;G?GIH
;c#;4@ OH ;%
#U#;@?OH?;
#<?;@ ;%%DKABDK@  & "F'/H=DF ;#?;#"D+*G3>%< D%D4A D4C
  ;(A >>R A'>%5C >N367 DDw= > AG<?D,0.NFH GLHQND<=@BDOD4EA3_?@ QA"x'/H=D}OD G3A	 > T" /
<=@BDOD4EA?/A H=DL ;# ;%#"D ;%?C OD4GpA	 >#T"N7rA HJDGp>%<
 DK@4"
    
&    	u  -V     r
9F; G]= > c
RD G3>] GK;4A	 >iGIH ;%=D4,0oOD ;<=H=>@ D80;%?CF=A D41\ >G R;@ D
.QD4CQ QQDDK@ ;%gC*+OA @ JA D4C#;<J< GK;A >,"-'[>#;	+OA.ABH=D 
%< D(D4EAB>"@>%5V= > 80
ND/<=@B>% CD/;FA >>R Ag>%5w GIHL#"D4=DK@L;6~<=@B< >2OD3 >%N367 D4D= > ,")==A=@ DD1A D4. >.
>5gA H=D.AB>>
R* AH G,?CD-G=<=<?>"@BAH5~>"@FCOAB@	
 =A D CQH?;@BD4C @ A?;%j%D%>@	04;?C5~>"@
F A < DF@ DK< G ;A	 >#;?C G ;"GLH=D#r< > G, D8"
= >"@ ; = >  < DDA >@0FA H=DiA >>R A N3*>_D @];OOD A+>5%<J@ D4CED8_.=D4CO >N36
 DD3= > |5~>@#G3> Gp;A >w0B?GIHJ@ > 4;4A	 ><0FG3>?G,=@B@ D G, G3>A @B>;0B5{;% A	6
AB> D @L;% G3D0ED ALG"
AB=@B@ DA	
0[>=@rAB>>
R* ArG3>EA ;%7DODA	 ;%
]G3>F G ;A	 > GIH?;=D+ % R3T & "
9iDC*QA	
#+OH AN>5{;%] D>5 G3>F GK;A >#GIH ;%=D4,lF<?>
EA6 AB>6~<?>A;%?C
F A6~<?>A 	G3>F G3;4A	 >]GLH?;=D+,"'/H=D5~>@	%D @-;Q= > G3>=D4G3A# AGN/>
5~@ ;%# DEA?,0?;?C+ABH=D  ;A ABDK@';F= > A DK@ G3>JD4G3A	
#;FODKA'>%5)5~@ ;%#%DA ,"B'/HJDAGN/>
 ?; G7Gp>F GK;A >GLH?;=D+F;@ DCED8_.=D4C#;H5~>
 >Ng,"
; =#
R=$CB#%#?=B & => "$GRE 
 $ P G%< D Gp>F GK;A >	GLH?;%JD
R :
/ U  	   )F     ( 	 	 	
  
= > H?; AGN>\R*
?Cr>%5-5~@ ;%# DEA?,l ; * &$!g> QD4G3A;% C$; * &$! I J-
> QD4G3A';O>G, ;ABD4C+@BDO<?D4G3AD
:N3 ABH+ABH=DGK;%
 DK@ ;%?C#A H=DGK; DKDv5~@ ;%#%DA"
'/H=D$ (*];?C %D A H=>Cr>%5 * &$!Gp>.QA	 A=A D A H=DiG8 D4EA:
EABDK@5{;G3D
>5FA H-= > !pODKDF=(#J@ DT" R& ":'/HJD $8( *! @BDO<w" *&V%DKA HJ>CQ%< DDEA?
@BD%>"ABD0<J@ >G3D4C=@ D GK;%
)! @BDO<w"?;?GLH=@ >=> @BD%>"ABD.<=@B>G3D4C*=@BDGK;%
J& "
n0<?>\>GK;A >w0_D4;"GLH]>%5ABH=DODrAGN>%DKABH=>C
*>RDH A?0@ D >"A DG3>6
ABDK@ <?;4@ A:!{;%D: ?DK@>%5A HJD #"@B>=<}A D @5{;"GpD7>5A H+= > &H
%< D4%D,A D C  
* &$! IE-"-'/HJD@ > D>%5A H=D/ODrGp>A DK@B<?;@BA 30AB>
*>RD*A H=D ;<=<=@B>"<=@6
;4A DF%DKA HJ>Ct0t ?D >#
# AB>#A H=DF#"@B>=<
EABDK@5{;G3D>5'A H=DFG=<?DK@	 >"@]!J;" D"?A H=D
GK; DKD&~5~@ ;%#%DA"
 R B "- *B#%#?=B & =  "$GRE 
 $  P} A	 GK;QA_Gp>F GK;4A	 >'GIH6
;=D(= > H?;/AGN/>FR*
?C/>%5G3>%<?>=DA 8l; '-,! + *3& !  &$!> QD4GpAF;% C
; '3-,! :+ * & #  &$! I J-#> QD G3A0F;	Q>G, ;4A D4CON3 ABH$D4;GIH 5~@ ;%# DEAr>5A H=D

EABDK@LG3>=D4GpA D4CFODKA4"
'/H=D G, ; '-,! + * & !  &$!(! @BDO<w" '-,! + * & !  &$! IE-&
=H=DK@ A?W5~@ >
* &$!! @ D/O< " * &$! IE-& "
M; ;"C=C A	 > A >rA HJD %DKABH=>CH
=H=DK@ A D C 5~@ > * &$! 0=A H=D G, DEAB
EABDK@5{;G3D
>5 '3-,! + * & #  &$!p>_D @ AGN>cJDN %D A H=>C80)(&$8( *';%?C '-,! + "(&$ (*

%< D4(DA?*;<?;4@L; D4F@ D%>A D%<J@ >G3D4C=@ D GK;%
/A >iA HJD]G3>%<?>=DA >5*;
5~@ ;%# DEABD4C%D A H=>C  " '-,! + I c+/A H=DL=>6J  >G R*
#D @  >%>5(&$8( *"
n0<?> D4;GIHO
*>G ;A	 > >%5 A H=D(&$ (*]>"@ '3-,! + I \%DKA HJ>Ct0 ABH=D'-,! + 
* & !  &$!=> QD4G3A5~>@	N ;@LC ABH'A >%ABH=D:#"@B>=<i>%5 '-,! + * & !  &$! IE-
> QD4G3A F;	Q>G, ;4A D4CN3 A H#ABH=DEODKAF>5BA DK@ G3>=D4G3ABD4C|5~@ ;%#%DA ,"
= >"@) J@ D AGLN/DF> AgA H=D'CD G3@ <=A >r>%5 * & ! IE-';% C '3-,! + * & #  & ! IE-"
M;EABDK@	 ;%
0ED ;"GLHQ >N367 DD4<= > 3 
 Ag *20=<##
#%A >#"DKABH=DK@40 D D%DAL;4@	r<=@B>6
A >Gp>_> QD4G3A?,")[;GIH%<J@ >"AB>G3>[> QD4G3AB < DDA?;EO<?D4G,K_ Gv57?GpA	 >Q!~D"$#"%D6
 ;#"D5~@ ;%#%DAL;A >tUK@BD4;ODF 
#0 >"@LCDK@	
#0BG*?GLH=@B>0>@DF A < D1# ;% C
C*+O<?;4ALGLH#& "P@5{;%
%>5'@ D ;A D C > QD4G3A?:!J;" D".%< DDEAK#(ABH=DF ;%DrAGE<?D




.A H=D > QD4G3A6 >@	 DEA ;A >w0Y5{;"G8 AL;4A DA H=D




#%>"@G3>%<?>G# D1QA	#(<=@B>"AB>G3>> QD G3A 8" > ?G3D:=DN
<=@B>"A >Gp>g> QD4G3A?F;@BD;;%
 ;  D0>=DEN3
[CED,_=D*D4;GF=DN  >N367 DD4<= > 8"
==A=@ D D1A D.G >. >5A H=D A >>
R* A
?G,
?CED =<J< >@ A5~>@#C*+OA @ JA D4C OH ;@ D C
 @ A?;%j%D%>@	0 ;%?C5~>"@g A	 < DF@BDK< GK;A >#;%?C GK;"GLH=D
#<?> G8 D8"
687 A'? CMGEI=[9<>=/OFI=[<k`aOt:;KnCK>=@<naHA)I=@<>`aO&Ku:NIQgL;=@I=[9<>=/Or_tK>=@yE=[? CHL A'? CMGEIQ=@9&<kKdaMACFfF\?n`=@_Q`4C*yE=<>`=K CHIQ=,=@`4C*y&:;aE?*e4CH9,Ot=8=/D8l$<k=F:N9Qg4CH?8CHL;L;=@L.g4CM?k<naHAdD8L;:;=@9&<n?k=Jl=@K><kK*\
                / R
+1"$ #& |& w1"( R&-	QLQL) #"$	&"( 
STURVV \ ];64 D
>^<?_`T(a$SCb
W Y\ atq
	 6 ]6|Z 	:l<5m	 6 ]6 W	
6 aq
	 6O]6 	:=<9mLW 64  W
H)J
e	QLQ % R"(	&"$ 
STURVV	 4 0Z \] ! ]64#" \ ]64 K"$ ')"$&; R	
D
>^<?_`T(a$S%$ K"$ "$&"( &K&(')"( R&;yN	x"( C');h"(&PNQ 	e') # R
Y ] W Y\ aq
	 6O]6 	:=<9m&	 4 0Z(' 6 W atq W 6*)6 W 6\6 \]4 4 66 
	 4  Z,+%6& atq-	 6O]6 	:=<9m	 4  Z.'C6 WRaq W 6*) 6 W 6 \6x\]4 4 66 
H/
=~
#=@BD7T" Rl = >La CED4G, ;@L;4A	 >./>5G3>] G ;A	 > GIH ;%=D4
 E 10    3
9iDFH?;D'CED,_.JD4C(;g ;%#?;#"D.D1A D4. >rA >:A22 % / U & 0GK; D C:= >La !;= @L;#%DA D C
>  QD4G3A a D=D @L;AB>"@8& %  & " MxA<=@ > CED5~D4;4A	=@BDW5~>@rA H=DF < D D,A >@0AB>}O<?D4G,K57
G, ;D#"@ >=<.80 #@ >J< 
EABDK@5{;G3D80 G,




	.QAg;g;%D D DEA ;@/> QD G3A<[;DOAL;?G3D>%5 ;'G, ;	,0;3= > [;D
.OA ;%?G3D>5
; C  4   52#>.")'/H=D	G, ;	)#@ >J<#CED,_.JDABH=D3 ?DKH?;* >"@ ;%?Cr@ DK<J@ DQDEA ;A >>%5A H=D
= >  +OA#A H=D G, ;	OD//>%5ABH=D-5~@L;%#%DA 8")'/H=DQDL#A	=@\Q< D G,T57A H=D*<  G0
<=@;ABD#;% C #"@B>=< 
EABDK@5{;G3D,0-;DND ;A HJD#G3> < >=DA> QD4G3A F! 5~@ ;%# DEA?
;?CG3>=D4G3A >.{&?" 	OA;*A H=DK@BDGK;%} ?DOD4DK@L;~
.OA ;%?G3D/ >5	;#G, ;	,0(QDDK@L;
5~@ ;%# DEABD4C
.OA ;%?G3D/FGK;% ?D 
.OA ;%A	 ;4A D4C5~@B> ABH=DE ;% D*G, ;	H#@ >J< "
=~
#=@BD(T" / <=@BDOD4EA?; <?;4@ Ar>%5'ABH=D = >La CED4G8 ;@ ;A >W5~>"@*IK I MIO!x;rCED6
BG3@	
  D CM
 OD4G3A > 7" R" R0?GLH?;4<=A DK@ 7r;?CQ=(#J@ D37*" R%& "B'/HJDrG, ;	H#@ >=< IKLI MI
+(G3>%<?>QD4C>5*A H=@BDKDi5~@ ;%#%DAG, ;	OD/,l /# *$! +    $5#&% /# & ' +   $5#&% ;%?C
/# $ -$ IE-"
'/H=DE#"@B>=<}A DK@G5{;"G3D*>5 IK I MIQ3#;"CED*>5/ABH=@ D D %DKABH=>C8l   $5#)-.(4&#.#)+65(0
  $5#)-.(32 M &' F;?C   $'#)-.(32 Mn# "H'/HJDOD*;4@ D	;%
_CD4G, ;4@ D4C: G, ;	 *#  $ -$ 
IE-"
'/H=D]@BD%>A D%DKABH=>Cr>%5rABH=DQ#@ >=< 
EABDK@5{;G3D];4@ D\
*>RD4C * 03>23 42!= %95
//  	   )F     ( 	 	 	
  
687;  >=  0 >5 /# *$! +    $5#&%r;?C /# &, ' +   $5#&%20
#?; D4C (ABH=D `G*AL;1t"
PG,
 DA->RD/ IKLI MI` ;%A HJD(<  G 
EABDK@5{;G3Dr>%5g A - >GK;B.QAL;% G3D%>%5
*#  *! +    $'#i% >"@ /# & ' +   $5#&%"
'/HJDOD*A HJ@ DKDgA DK@G5{;"G3D/;4@ D*@ D4 ;ABD4C%; 5~> >Ng," A>. CEDK@H5~>@3.QAL;% G3D.A H ;AF;
G,
 DAN ;%A 0AB> >>R\J<i;M ;%%D"E=~ @ OA40t Ax>RDFA H=D ! #.#)+65(%DKA HJ>Ct"D'/H
%DKABH=>Cc+ < ;@ A->%5 A H=D G, DA<A DK@G5{;"G3D>%5;*! +    $'#i% ")'/H=D! #.#)+65(%DKABH=>Ct0;/576
A D @gGIH=D G{R#ABH=DFGK;GIHJD0>RD=ABH=D<=@	
";4A D k# $ 
 &$ 4i#.# +5( 5~>"@NF;4@LC*
# DKA H=>Cj"
'/H=D|OD4G3>?C#;@#%D4EAF>5 k# $ 
 &$%4&#.#)+65(D/<=@BD4G3D4CD4C +ABH=DLRDN/>"@ C SW  $ 0
;LEA ;%1D5~>@HF A < D)?Gp@ D%D4EA ;%@ D/ A ,"MxA?A H @LC;@#%D4EA)+ <?;OD4C(AB>*A H=D
G3> Gp;A > GLH?;%=D > QD4G3A^< A*CEDG# ;A D/ ABH=D] .QDKA*>%5vODK@DK@ 0AB>NFH GLH
A H)#"@B>=<>GK;4A	 >+;"C=CE@BD	QD4Ct"B=~
?;%
0A H+o5~>@	N ;@LC#E%DKA HJ>C|5~>@	NF;4@LC
A HJD >GK;4A	 ><0?A H=@B>#H]A H=D:F A GK;OA GIH?;=DB! ' * & &?0EAB>%A H=D@ D >"A D   $5#)-)
(4&#.#)+5(:%DKABH=>Ct"
AH ;<=ABDK@ 7H5{;% A H*57	CEDBG3@	
 ?D4C.A H=D N.;%%D X DK@* G3DG,J@ @ D4EAgL.ODC X>LX "4MxA
NF;~NF@	 A ABD!7;-G#HEA.D41EABD?CED4CLDK@ G >>%5(A22L&< ?D,5~>"@BD/ABH=Dg= >La G3>%<
 DK@
NF; ;;% ;%  D")'/HJDH5~@L;%#%DA D4C.> QD4G3A gCEDBG3@	
 ?D4CA H=D @ DHNDK@ DA H=D @ D,5~>@ DHNF@ ABA D
 (H?;?Ci
QA22E"H'/H=D CED
##>%5 = >La CE@L;Ng3=<?>#A H/D1<?DK@	 D?G3D	;%?C#>"ABH=DK@
C*+OA @ JA D4C




  10    
 
'/H=DF= >La G3>%< D @HDK@T_?D/ABH=DG3>@ @ D G3A	=D/	F>%5A H=D:#@ >=<i;%?C]G8 D4EA3
EABDK@5{;G3D
CED4G8 ;@ ;A >,"




%< D4(DA D C: *#;:%DF ?DK@>%5ABH=DG, ;	3#"@B>=< "'P+O>0
5~>"@D4;"GLH:5~>"@	N ;@ C*#E%DKABH=>Ct0A H=D @ Dg.QA D1QA/;G3>"@B@ DQ<?>?C*
#:%DKABH=>C:A H=D
#"@B>=< A DK@G5{;"G3D2")'/H=D @g
#?;4A	=@BDcF.QAH#;4ALGLH<"
X D4G3> Ct0 AGLH=D4G R[A H ;A/ABH=DF<  GH
EABDK@5{;G3D/>5[ABH=Dg= > 80E; <=@ >1 D CD
DK@ D4C
A >]O>%D*G,
 DA 80=G3>*5~>"@/A >:NFH ;A.ABH=DG, DEAD1< D G3A 8"B= @ ;%#%DA /;4@ DE >GK;4A D4C
 C*K_D @ DA;"C=CE@BD	CO<?;G3D80=G3>%< D4CDQDK<?;4@L;ABD20E;?C
.OA ;%A	 ;4A D4C;A C*T DK@BDA
A	
%D8"\'/H=DK@BD,5~>"@BD0) ;"CJC* A >
AB>]A H=D G3>%< D6~A	DrGLH=D4G R,0@6~A	
%D%GLH=D4G R
;@BD=DKD4CED Ct"]M;EABDK@5{;G3D;@ D GIH=D G{RD4C!7;" D" A H ;AD5~@L;#%D4EA G, ;	OD/c ?D >#]A >i;
G3>%> G, ;	3#"@B>=<j&';A35~@L;#%DAH
.OA ;%A	 ;A	 > A	 D0D ABH=DK@'G3>%< D0A%D'>"@
@	6 A%D2"`'/HJDQ= >La G3>%<
 DK@-#D=DK@ ;ABDr;?7 / 67  A:RD4 % R@O & 5~>@(ABH=D
EABDK@5{;G3D
D1<?D4G3A D CD *rABH=D.G8 D4EA-;%?C:5~>"@A H=DgA D @5{;"GpD,0GLH=D4G RD4C-5~>"@G3> <?;A 
 AG-  ;OD C
>A HJD
=H=DK@ AL;?G3D3%D GIH?;GQ"(A>F GK;A >*<=@ D#"DC!J;" D"4A H?;4Am5~@ ;%#%DA
[7 A'aJ?kmnCH?8O&:;9GcI=[<k`aOh:NKFKk:;IQ:NLbCM?<kah<k`=Q<k? CJO&:;<k:;aE9,CHLnsd~Kk<>l3IQ=@<k`$aiO :;<kKF?kaJLN=Q:;K<ka
A'aJ?kmnCH? O <k`=r:N9&yJaiD[CH<k:;aJ9t<kat:;<kKD8aJ?k?>=@Kkg,aE94Oi:N9$GI=[<k`aO 5K uaHA)<k`=GJ?kaEl$gq:;9&<k=[?BACJD8=E\
         	@  	 / 7
 l'% + + !+ *-,.&/0C
758;:l<l> + + !+ D  \;4[Z 6  W 
	   ] 	 Z  W 
	   6 W 6 W +   H)J
 l'% NQL; R& 	;h
STyURV;V  6 W 6 W +  
D
798;:l<l>wb  e"( R&N	h
 W  Y
`Y aq +  W Z    ] 	 6 :=<9m W 6*)6 W 6 \6 
 W  Y  ] 	 6  atq +  W Z   ] 	 6 )atq W 6*)6 W 6 \6 
 W  Y  6  atq +  W Z    ] 	 6 1atq W 6*)6 W 6 \6& 6 
H%J
STyURV;V  \;4[Z 6  W 
	
D
>^<l_ T(a$S b  	"( #& "( R&N	h
4 `Y& aq +  W Z    ] 	 6 :l<5mW 6*)6 W 6\6  
]!`] 	 6  aq +  W Z    ] 	 6 )aq W 6*) 6 W 6 \6 
>`8;:Rm"CSm"# b |9"%$;&&K RKQL&('%
\]\6 ]&4 6' )( W 62	 6   &(')c5pt*)		')
	 4 0Z \] ! ]64 	 \ ]   KQL)&"(	hg&w	') # R;R*-,
 QL%&"$	& &KQL R/Xg;($;0
)+ W, ] W !
& Y atq +  W Z    ] 	 6 -0<9m<l8
" W 6*) 6 W 6 \6 /.10 9atq W 6*)6 W 6 \6L\]4[4 66 
2 	 \ ]3Y ] W Y\  \]4 4 66  2  6 W% 6 W +   ".", W  Y
 Y* ] 	 6   
 t1	 &"$ %|4$;
)+ W, ] W ' !`] 	 6  atq +  W Z    ] 	 6 1atqW 6*) 6 W 6 \6  9aq W 6*) 6 W 6 \6x\]4 4 66 
2 	 \ ]3 W Y\ 0\]4[4 66  2  6 W 6 W +   "."  W  Y !`] 	 6   ] 	 6   
H%J
STyURV;V  ] 	 Z  W 	' b  \;4[Z 6  W 	'K"( C');h"(& #	h
D
>^<l_ T(a$S b  	l"( R&;yN	
]!5 6  atq +  W Z    ] 	 6 Caq W 6*)6 W 6 \6 6 
>`8;:Rm"CSm"# b |9"%$;&"( R&;yN	
 "( "(&"( & &(')"( R&N	h+"$ ')"(&h3NgQ  	;f"( #&6!')/
]!5 6  atq +  W Z    ] 	 6 Caq W 6*)6 W 6 \6 6 ?atq W 6*)6 W 6\6x\]4[4 66 
2 	 \ ]3 W Y\ 0\]4[4 66  2  6 W 6 W +   "."  W  Y !5 6 * ] 	 6   6 
H%J
=~#=@ D*T" / l H0D4G, ;@L;4A	 >#>%5;rG8 ;v#@ >=<
/ T  	   )F     ( 	 	 	
  








 DK@';O> < ;0A HJDr@ > D(>5 ;iQA	 }#"D4=DK@L;4A >@D]AB@L;C* A > ;%
:($VA2<?;"G R;%#D,lL A-#D=DK@ ;ABD.A H=D G3>CED;?COAB@	?GpA	=@BD-=D4G3D ;4@	 AB>#;@?OH?;JU
 ;@ QH?;%?<?;4@L;%DKA D @  >%5o#"@B>=<
EABDK@5{;G3Dg>GK;A >," MxA ;%Q>D#D=DK@ ;%KD A @ ;%6
C* A	 >?;%jQA	 #D=DK@ ;A > A >H ;%?C* D0< ;@L; D ;%?CbU >"@';?GIHJ@ >J>.H
*>GK;4A	 >.80
H?;?C*
#r>%5D1=GpDK<=A	 >.80=;?CQQ> 5~>@ A Hw"
'/HJDH= >La G3>%<




>C- ?;OD4C >C*K DK@ DAgA DK@G5{;"G3DF>%5 G3>F Gp;A >+> QD4G3A?,"L'/H=DF= >La OA	 
#"D4=DK@L;4A	 >i;%
 >Ng ?D1 












<?;@ ;%%DKABDK@ ! #$ +   $   $%*3%& 0'>%5#ABH=D k#$ 
 &$%4&#.#)+65 (
%DKABH=>C>%5	A H=D /# *$! +    $5#&%#> QD4G3A0;@BD]G3>D @LG3D4C}A > ; ' "!&  !;QDKD =~#6
=@BDrT" / & "F'/H+ ' "!#&  W+.A H=D]< ;	QD4CAB>+ABH=D(&$8( *D%DKABH=>C >%5 A H=D?'3-,! + * & 5
  &$!> QD4G3A0NFH GLHQ#A=@	<0.>RD/A HJD:OD A0>5 *#  $ -$ IE-7> QD4G3A 8"FPFA
A HJD+@BD4G3DK<JA	 >  CED0 ABH ' "#& :Gp>DK@LG3D CS
EAB>]A H=D#AG< D/7D1<?D4G3A D CS iA H=D
  $'#)-.(4&#.#)+5(L%DKABH=>C>%5A H=D /# $ -$ IE-/> QD4GpA ,0 ;%Q>! #$ +   $   $%*3/&(!pODKD
=~




ABJ@ @ D4EA0Gp>DK@LG, >.;@BD.CE>=D*;GKG3>"@ C*#A >;*H?;@ C*N3 @BD4C(D1A DK@?;%J@ DK<=@BDOD46
AL;4A	 >i>%5'CJ;AL;"P-.;%iD1A D ><0tNDr< ;AB>+@BDK< ;"G3DrABHN3 A H]<=@B>#@L;%]%DK@	6
CED,_=D4C*G3>DK@ G, >.,"o'/H=DOD;4@ DH#?;@ ;%A DKD C7A >g ?DA<?D6p ;/5~D20% ?D4GK;.ODA H=DG3>%<
 DK@
H?;0GLH=D4G RD4CrA H=DL#"@B>=< A DK@G5{;"G3D2"




















































4L/G1'BAPXw4m/27 [ *d']"K#	R  Vl?13'.46,83/27Cc8`7i+%_6'!1/K4m/G*&"2'H*z']7o1'H#z']/G1'Hm%oh
*&/GC1/G7C\13'P%_6'!10+0%^h#^/I,46/27Cb1'P']|o'!E1/2+7NA







/27o1'HL`W@'4{13.-&/021Y87,#435/ 6 /27 82/b,']1/G7,4@?=/27,461'+#	8`)"2"2-0/G7C53C+8*d*&']g
#^'!r7'#&/27o1']6`W!'j4!A
       











































    p[  
	
 "!# $%&(' )*$+ ,-.0/1325465	+,46798%:<;<=->-	;?&	46@
25@ 67A4=B CD.EFHGJI=KLKLM<N3O$PQG5R#SJTTVUVW78 ;X72YXZJ[]\<W<^_3-`WaVbVWBc#dL46:<+ e7\XY<Y
CHfgWihg:<-j8,46'<:]d%	45k.lV672%2
mZ
n7o`lpq%6rVs46%<Wt^_3d6@LgVs46%<Wt uav	:<5	-j:< wlx	:k<464%<#)@jdL:< dL84
:yz-,$q4qo{y|, dL45	:<z}g;<=Jt2466, dL46,5	;~46::y:<gX3254%5	+,467A:<8 L45	;25k2546-u
C`zKe{jS=O|K7FLO <|N{G<O<TgG<ORKJFHKJO ILKG<O>NQ|F=N|$|K=M_TgG<1t$|K7F7Q|K7~QW8 ;<72
 YJ[  Y<WBh-+53$;<<W ^w<262 5e'<!~=W ^wJk.7\<YX$CHgf
m
n7o`lpq%6rVs46%<W ^_d%@LVs46%<W  wav	:<5	-j:< ulx	:k<4646<1!#u:X6<	&




 F5<OQ<I7|N{G<OBQ#G<OuEF5G=PXF5<N{OP>Uz<O$P<$7P<KQ<OMjJQ|KJ©QWZ$=LW]aB+6, 6kw7\<Y  
m
nLªz6k«' ¬hg@ <25<WVaL­.z!£-r<$:<JW*g$&L¤/*bz­:&£25®WV16k?^¯*bik<W
 ¯ f3d6@ L?nVb	464qL° L3¤)@A!£-+j25k]246-.}lV=J¦	L86:X;<=-j-±q;u:<?
45&:X6®²:y-,$	45	86:dL72625:<L2eC`"EF5G7ILK=KLM<N{OPQG5Rj{K²³´<{.§T¬¨µGQN3$¶G<O
· ]KJFHX|N3O$PjJQ|KJ©QeEF=N{O IJN¸¥KQW$8 ;X72e  [7<YWb	4=d%@$° L3¤lV6®W$!#5	­:< A'<!W
/£7dL-+ 7\<Y<\$!eh^?
m
/eJ<3¯ efhg@5	46:<¹ ¯)f	-j:<4%@k¤lxV^ºzº/£7dL$46=J¦	­L	;?u;	:<+ J -	;
256X3dLey|:<	-j86:<7A85y:X6-r dL© >y`,$	446:qL dL<g§TV¨» F5<OQ<I7|N{G<OBQ#G<O
TgG<1t$|K7FtJQ|KJ~QW  HZ]=}	  [t7Y<W^wJkº7\XY<\
  
~¼#X:<.£:<,6@ $4 ²^º=d£'<@ 8$	6: Va¬ce©½<h1¾e¾©}py|=;<->467$o|:X+¿H7dL4f;<=o
















¢1:<6-rwh£ ,4Ld6@$	 25:<z£V-jLJ3}!#u:<+¿57dL45[+ <257>3;X, ;<ey|:<#X3254%5	+,467
86:<;X=-j-	; V)v7d6@$3dJg 8:<64#Y  o`¡o`¡<W/£8 %46-j$4:yhg:X-j8,46£'d%	 dL<W
1$qX=2D	45k²:y¯<25@$	;<46:<zW'<74%45	<Ww! He'<!~=Wn<$, 6kw7\<Y  
	<
n7o`lp	66²b ¢£6­,$ ¤^w=d>'<@ 8$	6: ²1?256X3dL $j:X-j-r;<8:<,©,
25k254
	-j]È8 %4532	e:<+¿54=2C`ujÇKJN3O<N3F5KzF5<O ILG F¬ÇKQN{¥N{K7O±Q$F¦KQJQ$ÆKJKQS=O













^u726<<de^u:<, d%@$¦¦^º®8 ;X:<,zEF5G<|G7ILG<¦KQ©M<K>I=G<$O N{I=<|N{G<OwK7vtF5GLP<F5<
|N{G<Ou]<FAGÅKJ{Q#"_HÄ K)K71t¦K²M<K_ · t²l¬@ / 46@72H2Wg$	<L2D	4]È²lV532%$£C=WVlV2
HaB= dL=Wa+%, 6kw7\<Y<\
	7
jhg:<-A $:2¤l¬6:<¿57dL47»hg:<-r $:2#& dL:< 254%6, dL45	:<  0-r ;<->4¤:y_X325o
465	+,467±:' dL#25k2546-A2avq t68:<64V:<46@;q:X+ Jt=d%@$	467dL46,6<W$g2585	4f86:<¿57dL4
Y<  W '<84%-+J\<Y  
	7
Íe=246¤'d%@&. (	ºf: )v:<8 :	:<;q72)& X2465	+,467w:<+B¿H7dL4=2 :<.-,$	453dL:<-jo
8,46=2g§TV¨» FHXOQ<I7|N{G<OQ£G<O¯TgG<1t$|K7FeJQ|KJ©QWY$HZ$L}	<<L[7  W<^w7kw7\<\X¡
	  
^w=d1'<@ 8$	6: v'<466, dL4%,6#  d8 25,$345	:<>q²X325465	+,467A25k2546-r2}z46@#l¬6:JÂ]k
lVq d%	8$	<xC`zK©{>S=O |KJF=O<|N3GXO <TgGXORK7F5K7OI=KGXO²eN	Q|F=N|$|KLMrTfG<1t|KJFJQ
|K7~QW8 ;<727\<YJ[]ZX¡  W$h-+53$;<<W^ºX262H'<!©=W^ºJk.J\<Y<$CHfg1
	7Y
^w=d '<@ 8$	6: Wel¬@$¥¦	88  ,4%6:<zW Ébv,6 dL?^u:2625` lx=2D32546 dL? 
-	;<=45	:<Ay:Xeh¾e¾É:<+¿57dL4=2¬C`+*#T ·e· EÄ-,. W ¢1:<4645	;<@ - %1=Wn,$	k?7\XY<\
	7\
^w=df'<@ 8$	6:W<¼£<:<j£:<,6@ $47W'+$q£#+647Wbz,6 dL^u:2625`W<^²3d%@LB  ,$yo
° zW hjÈL¦q!$gJ	:<47$'ce' }!£©:X+¿H7dL4%o|:<5	4%7£:<8 =45	;25k2546-/&µ<26257262-j4
 A8=258 7dL4qX72TgG<1t$|N3O$P>tJQ|KJ~QWZ$  =}mZ<Y  []<<Y$W</£7dL-+ 7\<Y<\B
mZ<¡
v¿6'<466:<, 2466,8zz$KrT1ÀeÀÉEF5GLP<F5<N3O$PUz<OPXJP<K7f¢,-+ 1C6'¢Ê¡o`ZX¡o
7Z<¡  Yo10!eX325:<¤72D	k<W*J\<Y<
